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The brain undergoes many
changes during normal ageing
[1]. It is likely that these changes
are responsible for age-related
cognitive loss, and are potentially
key factors that trigger more
severe memory impairments
such as Alzheimer’s disease. One
well-documented physiological
correlate of ageing is the
decrease in excitability of
cortical and hippocampal
neurons, a phenomenon that
might lead to altered network
function in brain regions critical
to storing and retrieving
memory [2,3]. 
A potentially important strategy
for reversing age-related cognition
impairment, therefore, might be to
restore to the aged the patterns of
excitability seen in the brains of
young, cognitively normal adults.
How could this be accomplished?
The changes in aged neurons are
of great functional consequence,
but they are subtle; will it be
possible to modify them subtly?
Results reported recently in
Current Biology by Silva and
colleagues [4] suggest that
targeting the modulatory subunits
of neuronal potassium channels
might be a viable strategy.
It has been known for over 30
years that associative learning in
mammals can produce changes in
the firing rate of specific neuronal
populations, either in response to
associative stimuli in behaving
animals [5,6] or in vitro in
response to direct depolarisation
[7]. The mechanism underlying
those changes is still not clear,
but a number of observations
implicate the calcium-activated
potassium channels that shape
the hyperpolarisation normally
seen after a neuron fires a burst of
action potentials (reviewed in [2]).
By reducing this after-
hyperpolarisation (AHP), neurons
affected by behavioral training
would subsequently fire longer
bursts of action potentials in
response to appropriate stimuli.
An important additional
observation is that the same
component of the AHP that is
reduced by associative learning
actually increases during normal
ageing, and that the increased
AHP amplitude correlates with
learning and memory deficits [2].
The current responsible for the
slow component of the AHP
(sAHP) can be modified
pharmacologically by a variety of
neurotransmitter agonists and ion
channel blockers [2]. These
probably exert their effects
through phosphorylation of the
relevant potassium channels by
kinases activated through either
G protein coupled receptors or
calcium-induced calcium release.
In fact, age-related memory
impairments in associative
learning in rabbits or spatial
learning in rats can be reversed by
treatment with L-type calcium
channel antagonists [8], indicating
that control of intracellular
calcium may be the key to
combating age-related
cognitive decline.
A different approach to
reversing the effects of age on
excitability of hippocampal
neurons would be to target the
potassium channels themselves,
through their modulatory subunits.
This would have the potential to
alter excitability both directly and
through modifying the voltage-
dependent influx of calcium.
Delayed rectifier-type potassium
(Kv) channels are activated by
membrane depolarisation, and
their physiological effect is
generally to reduce excitability
and facilitate membrane re-
polarisation during an action
potential [9]. A subset of delayed
rectifier channels also inactivate,
either because of intrinsic
properties of their pore-forming α
subunits or because of the
addition of a modulatory β subunit
[10,11]. The resulting channels
have the A-type channel profile of
rapid, voltage-dependent
activation and rapid inactivation.
While this has little effect on
single action potentials, A-type
inactivation of potassium
channels will tend to broaden
spikes that come later in a train,
in a frequency-dependent
manner. The net effect of this is
to increase the amount of
calcium that enters neurons
during repetitive bursting, which
in turn increases the size of the
calcium-dependent AHP. So,
somewhat counter-intuitively,
rapid inactivation of Kv channels
results in reduced neuronal
excitability.
In an earlier report, Giese et al.
[12] provided evidence that
targeted deletion of the β1.1
potassium channel subunit
(Kvβ1.1) in young adult mice led
to increased excitability of
hippocampal CA1 pyramidal
neurons, while sparing synaptic
plasticity. The physiological
deficits were accompanied by a
mild impairment in spatial
learning and associative memory.
It is not in young animals,
however, but in aged ones that
the effects of removing the
Kvβ1.1 modulatory unit
become dramatic.
Murphy et al. [4] compared
aged (at least 18 months) Kvβ1.1
knockout mice with wild-type
littermate controls (Figure 1). Their
data on the aged wild-type mice
are consistent with many
published reports, in that they
showed poor performance
compared to young mice of the
same strain in a spatial reference
memory test. They also observed
very little long-term potentiation
(LTP) of synaptic responses in
hippocampal slices when induced
with a relatively weak stimulus
(although they did show more
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The electrical excitability of cortical neurons changes significantly
during normal ageing. A recent study found that targeted deletion of a
gene encoding a potassium channel-modifier subunit can restore to
aged mice, not only normal neuronal firing, but also normal learning
and synaptic plasticity.
robust LTP in response to a more
robust stimulus). 
The equivalent data for aged
Kvβ1.1 knockout mice, however,
looked more like those for young
mice. They showed more LTP to
the weak induction protocol than
their wild-type littermates and,
perhaps more significantly, were
more likely to show robust
learning of the spatial reference
memory task.
What might account for the
improved performance of the
aged Kvβ1.1 knockout mice
relative to wild-type littermates?
Although Murphy et al. [4] do not
make an explicit comparison
between young and aged wild-
type mice on the key Kv-
dependent properties of spike
broadening and sAHP, the
differences between aged wild-
type and Kvβ1.1 knockout mice
are clear. Knockout mice show
less spike broadening and,
probably as a consequence,
smaller sAHP. The net result of
these changes would be
expected to be an increase in
excitability, manifested as more
robust burst firing in response to
constant input. In other words, a
restoration of the pattern of
activity seen in young mice,
correlated with enhanced
performance in a hippocampal
dependent learning task.
These results need to be
interpreted with some degree of
caution, as do all behavioral and
physiological experiments on
mice with conventional gene
deletions. It is clear that the
phenotype differences between
wild type and mutant vary as a
function of age. But is this
because reducing Kv-channel
inactivation only becomes
important as normal age-related
physiological changes develop,
or because brain development
into adulthood is affected by the
loss of Kvβ1.1-mediated
modulation? In other words,
could you reverse the process of
normal ageing by acutely
removing Kvβ1.1-mediated
modulation of K+ currents, or is it
crucial to have a long period of
adaptation or compensation in
order to protect cognition into
old age?
An additional concern — which
the authors meet head-on — is
that the phenotype is dependent
on background strain and
therefore not likely to address a
more widely applicable
physiological dysfunction.
Indeed, most tests were
conducted on N4 mice, originally
produced as C57/Bl6 × 129Sve F2
hybrids, then crossed four times
into the C57/Bl6 strain. When
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Figure 1. Removing the modulatory β subunit from the Kv channel changes excitability.
(A) In hippocampal neurons from aged wild-type mice, the β-subunit ‘ball and chain’ leads to rapid inactivation of the potassium
channel, delaying repolarisation and leading to broadening of action potentials in a burst-duration dependent manner. This leads to
increased calcium influx and activation of the calcium-dependent slow after-hyperpolarisation (sAHP) and reduced number of spikes
to activating inputs. (B) The Kvβ1.1 knockout mice show reduced spike broadening and reduced sAHP, which may be an explanation
for their enhanced learning ability.
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these mice were crossed three
more times into C57/Bl6,
producing N7 mice, both the
reduction of the sAHP and the
behavioral improvement were
lost. By crossing N10 generation
offspring back against 129Sve
mice and then recreating the F2
mice, however, Murphy et al. [4]
were able to demonstrate that the
phenotype could be restored.
This suggests that there are
genes expressed in C57/Bl6 mice
that can undermine the effects of
preventing Kvβ1.1-mediated
modulation of potassium
currents, and not that the original
phenotype was an artifact of
background strain. These results
provide additional evidence that
modifying ion channel function
could be a fruitful therapeutic
strategy for age-related memory
loss, and that a new class of
targets may soon emerge.
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